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WINWTUNNEL DWEWKXTION (IFAN NACA

EQUIPPED WITH CIRCULAR PLUG

A l?DIL-SP~ SLOTTED

By Jack Fischel

A wind-tunnel investigationwas made of
teristics of a thin, low-drag, semispan wing

1802

65-=0 SIWISPAN WING

AILERONSAND

the lateral.-cmtrol
equipped with three

charac-
configura-—. — —

tions of circular @g ailerons and a full-sysn, 25-percent-chord, slotted
flap. The plug dlerons were located at the 68-yercent-chord station,
spanned 49.2 percent of the Eemispan wing, and were constructed in five -
equsl spanwise segments. The investigationwas perfmed through a Mach
number range frcm 0.13 to 0.61. The Mach and Reynolds nuriberswere varied
simultaneously during the investigation.

The results of the investigation indicated that a satisfaclm’y plug-
ailerdn configuration (a double-@Ued circular-plug-aileronconfiguration)
has been developed for use on high-speed unswept-wing airplanes in con@nc-
tion with a full-span slotted flap. This plug-aileron configuration produced “
increases in aileron effectiveness with increase in the Mach and Reynolds
numlers, produced a fairly linear variatim of rolling mcmmnt with aileron
projection, and produced appreciably larger rolling moments with the flap
deflected than with the flap retracted. Jn addition, this plug-aileron
configuration gener~ produced favorable yawing mcmmnts and also produced-
hinge mments which were of moderate value, had a stable variation over the
projection range, and exhibited either smalllor inconsistent changes tith
increases in the Mach and Reynolds numbers.

INTRODUCTION

As a solution to the high-lift and lateral-control problems presented
at take-off and lanilihgby the high-performance airplanes currently in use
or in the design stage, the National Advisory Cammittee for Aeronautics
has been investigating the characteristics of spoiler-type lateral-control
devices to be used in conjunction with full.-span flaps.

The results of seversl relatively low-speed investigationsmade on
wings having conventional &foil sections (references 1 to 8) indicated

.
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some of the merits of syoiler-typ lateral-ccntrol devices, such as control
I

at high angles of attack, favorable yawing maments, higher reversal syeeds
than conventional ailerons because of the lower twisting maments of syoiler- “
ty_pedevices, smaU stick forces, and the.fiaeased effectiveness of
spoiler-type controls when fall-span flaps ere deflected. h adfltion,
these investigations indicated the increased effectiveness obtainable with
the plug-type spoiler-slot aileron (known as the “plug aileron”) as compred
with the effectiveness of the retractable aileron and also indicated the
large increase in wing lift obtainable through use of a full-span flap and
the generally superior characteristics obtainable with a slotted flap. The
results of other investigations prformed on unswept wings having high
critical speeds (references9 to U) showed an increase in tileron effective-
ness of the spoiler-me ailerons when the Mach numler was increased in the
high Reynolds nmiber range as ccmtrastedwith a decrease in aileron effective-”
ness obtained with conventional ailerons as the Mach numbr increased.

h order to eliminate the unfavorable rolling mments sometimes
produced by the downgoing conventional plug aileron and sti~ provide a
slot through the wing for up deflections, a new-type plug-aileron arrangem-
ent was constructed. The aileron is so designed that down (positive)
deflections do not produce any changes in the lower surface of the wing;
however, d.eflect~ the aileron up opens a slot and provides a scoop on
the lower surface of the wing. The present investigation therefore was
performed to ascertain the lateral-control characteristics of a thin, low-
drag, semispan wing equipped with a full-span slotted flap and three con-
figurations of the new-typ3 plug aileron. The present investigation,
which was performed”in the Langley 300 MPH-and high-s~eed 7’-by 10-foot
tunnels, is an erbension of the investigationsreported in references 10
and U and was performed on the same wing model used in these investiga-
tions. Tests of the 0.492-semispan,new-type, plug ailerons - known herein
as “circular plug ailerons” to distinguish them from the conventional or
regular plug ailerons of references 5, 6, IL, and 12 - were performed
through a projection range at several angles of attack with the full-span
flap retracted or deflected and at variQus speeds up to a Mach number of
0.61; lateral-control data obtained in these tests are ~esented and
discussed herein. Wing lift, drag, and pitching-moment data are presented
only with the plug aileron.and flap in their neutral ~ositions over a speed
range up to a Mach nmiber of about 0.835 with the wing
attack, since these data had been presented previously
attack range at various speeds with the flap retracted
(See references 10 andll.)

SYMBOLS

at a low angle of
through an angle-of-
and deflected.

The moments on the wing ere presented alout the wind axes. The ~
X-axis is in the plane of symmetry of the model and is parallel to the

. tunnel free-streem air flow. The Z-axis is in the plane of symmetry of
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the model and is perpendicular to the X-axis. The Y-axis is mutually
perpendicular to the X--s end Z-sxis. All three axes intersect at the
intersection of the chord plane and the 35-prcent-chord station at the—
root of the model.
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The symbols used inthe

lift coefficient

drag coefficient

—

presentation of results are as follows:

(Twice lift of semispan model

qs )

(D/qS)

pitching~nt coefficient

(Twice pitching moment of semispen model about Y-exis~

rolling-mment coefficient

yawing-mment coefficient

Q% )

(L/@b)’

(N/@b)

aileron hinge-mament coefficient (%/ qM where M ia area

)
moment of exposed aileron top edge shout hinge line

ac2Hdsm@ng-in-rolJ coefficient —
*b

wing-tip helix angle, radians

10Cd W@ chord

wing mean aero@namic chord, 2.86 feet (:~b’2c2+

twice span of Eemispan model, 1.6feet

lateral distance frm plane of symnetry, feet

twice area of semispan model, 44.42 square feet’

twice dreg of semispsn model, pounds

rolJ3mg mment, resulting fran aileron projection, about
X-SXLS,foot-pouna3
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N Y=@3 ~ntj re~t% fr~ ~eron Poilectiony about z-~isy
foot-pounds

.

% aileron hingemment, positive wlienhinge moment tends to
depress tieron, foot-pounds .

free-stresm dynsmic pressure, poundf3per square foot
()
*P+~

v free-stream velocity, feet per “seccmd

P maSS d.eDEityOf W, slugs yer cubic foot

a sngle of attack with resyect to chord plane at root of model,
degrees

M“ Mach nmiber (V/a)

R Reynolds nuder

a speed of sound, feet yer second

CURRECTIOI?S

With the except-ionof the aileron h@y-mment data, SU the data
presented sre based on the &bnensions of the cmuplete wing.

The test data have been corrected for jet-boundary effects according
to the methods outlined in reference 13. Compressibility effects on these
jet-boun@ corrections have been consideredin correcting the test data.
Blockage correctionswere
reference 14.

applied to the test data by the ~thods of

.

MODEL AND APPARATUS

The right-semispan-wingmodel was mounted in an inverted position in
the Lsngley high-s~eed 7- by 10-foot tunnel and in an erect yosition in
the Langley 300MPH 7- by 10-foot tunnel with its root section ad~acent
to one of the vertical wsJls of the tunnel, the vertical waU thereby
serving as a reflection plane. (See fig. 1.) The wing was constructed
according to the plan-form dimensions shuwn in figure 2 and had an aspect
ratio of 5.76 and a ratio of tip chord to root chord of 0.57. The model
was consbructedwith neither twist nor dihedral and had anNACA 65-210
airfoil section (table I) frmu root to tiy. No ta%nsition strips were
used on the wing and.sn attempt was made to keep the model surface smooth

- during the entire investigation.

.5
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The fuU.-spn, 0.250, slotted flap was built to the section dimensioDE
presented in table I end the plan-form dimensions shown in fi~e 2. The
flap deflection (45°) and yosition with respect to the upper-surface
airfoil li~ used in the present investlgatioh for the ncu’mslflap-deflected
position are the same as those employed in the investigationsreported in
references 10 end U and are shmni in fIgure 2.

Each of the cticular-plug-aileronconfigurations tested had a span
\ equal to 49.2 percent of the mmispan wing and was fabricated fran sheet

steel in fIve equal spsnwise segments. Plan-form dimensions of the pl.ug-
aileron cotiigurations are shown in figure 2, secticm dimensions are shown
Sn figure 3, and one of the aileron configuration on the wing model is

shown in figure 1. The aileron segments were actuated by L-inch ateel
16

arms which were fastened to each end of each segment and also firmly
attached to a ti’eelshaft centered on the d.leron hinge axis. This steel
shaft extended outside the tunuel well to a calibrated shaft-rotating
mechanism and a calibrated, besm-tyye, strain-gage setup. By thss
mechaniam, the steel shaft was rotated to yroduce the various aileron
pro~ectio& employed in the investigation, and.the aileron hinge nmments
were stiultaneouslyobtained.

TESTS

All tests with the thin-plate circular-plug-aileron
(fig. 3(a)) on the semispan+ model were merfomed in

configuration
the Langley hi&-

spe=d 7-by 10-foot tun&. U- tests with &ach of the double~ed - .
circular-plug-aileronconfigurations (figs. 3(b) end (c)) on the semispan-
wing model were prformsd h the Langley 300 MPH 7- by 10-foot tunnel.

With the flap retracted, a speed test was made at a constant wing
angle of attack (a = 0.30) through a Mach nudmr range fian 0=40 to O=835

with a corresyondi& Reynolds nmuber range of appxxzhately 7.5 X 106 to

12.5 X 106 based on the mean aerodynamic ch~d of 2.86 feet.

With the flap retracted or deflected, lateral-control tests were
~erformed with each of the circular‘plugailerons at various aileron
projections, at several angles of attack, end at Mach numbers fra 0.13
to O.a. Negative projections inM.cate that the ailerons were extended
above the wing upper mxcface.

The variation of Reynolds nuniberwith Mach nuniber
shown in figure 4. The Mach and Reynolds numbers were
during the Investigation.

for these tests is
varied simultaneously

.
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DISCUSSION

Wing Aerodynamic Characteristics

Variation tith Mach nuiber of the wing aerodynamic characteristics
at a constant angle of attack of 003°, with the thin-plate circular plug
aileron neutral and the flap retracted, is shown in figure 5. Addltionnl
lift, dreg, and pitching—mment data were obtmdned through an angle-of-
attack range tith each of the double-waUed circ~-plug-aileron con-
figurations installed on the wing and with the flap retracted and deflected
but are not presented herein. These data agree quite well with the data
obtained in the pitch tests reported in reference 10 and indicate that
installation of any of the circular-plug-aileronconfigurations on the
wing had no material effect in altering the aerodynamic characteristics
obtained with the-plainwing. lfYgure5 shows almost no change in the
aerodynamic characteristics for Mach numbers below O.7; however, above 0.7
smswhat different”Mach nuuibersfor lift”,drag, and pitching-mment
divergence are apparent. Because the choking Mach number of the Langley
high-speed 7- by 10-foot tunnel was obtahed with the present model at
the angle of attack tested near a Mach nuuiberof O.&J5, the data shown
for Maoh nunibersabove approximately 0.80 probably are not reliable.

Aileron Control Characteristics

Thin-ul.ate circular Plus tileron.- Data obtained through the pro-
~ection rsnge of the thin-plate circular plug al.leronare presented in
figures 6 to 9 to exhibit the effects of angle of attack and Mhch number
(also Reynolds nuder) on the flap-retracted and flap-deflected laterel-
control characteristics of the cmqlete w@.

In both the flap-retracted and flap-deflected conditions, the slopes
of the curves of rolling—mament coefficient against aileron projection
are obsened to be generaUy nonlinear. (See figs. 6 to 9.) ~ the flap-
retracted configuration, an ineffective region for smeU aileron projections
at a low angle of attack is shown and a region of constsnt or slightly
reduced effectiveness (tith increase in ailmon projection) at large
projections and large angles of attack is shuwn. (see figs. 6 and 7.)
The ineff6ctive region observed herein for mnslllaileron projections at
a low angle of attack has been obsened previously with the basic plug
aileron of reference 11 and is believed to result principally fram the
probably weak “scoop effect” of the psrti.cul.erplug-aileron configuration
(because of the square luwer edge of the thin-plate circular plug aileron)
as wiIl be discussed in a subsequent section of this report - and also
from the small differences in pressure existing between the two wing
surfaces in the vicinity of the plug slot. At large angles of attack
with the flap retracted or with the flap d.eflected the pressure Uf ference

—.. —_.._ .=r. - . . — .–— ——.. — ---- .-—
. .
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between the two wing surfaces near the plug slot was sufficient to cause
the air flow through the plug slot to increase the aileron effactiveness.
The region of constant or slight3y reduced effectiveness olmerved at large
projections end large angles of attack probably results fram the combina-
tion of the effects produced by the wing angle of attack (end hence the
pressure Uffqrence between the two wing surfaces nesr the plug slot), the
~osition of the lower edge of the plug aileron ‘(whichaffects the aileron
SCOOI effect”), end the ~osition of the upper edge of the edleron (which

effects any “ram effect” - such as to produce a downward flow through the
plug slot)*

The aileron effectiveness generally increased with increase in the
Mach end Reynold.snumbers in both flap conditi-. (See figs. 6and8i)
h exception to this stat-nt is noted in the data shown in figure 6(a),
for projections below -7 yercent chord, in which a decrease in the
effectiveness is observed as the Mach number increased from 0.27 to 0.41.
This decrease in effectiveness is s~lsr to the effect obsemed in the
plug-aileron investigation reported in reference U. and probably results
from changes in the wing pressure distribution in the vicinity of the plug
slot as the Mach number increased, which effect in turn influenced the
flow through the slot and thereby the aileron effectiveness.

.

~crease of the angle of attack in the flap-retracted condition
increased the aileron effectiveness over ellnmstthe entire ailerm-
projection range, particularly for small projections, and tended to
linesrize the curve of rollinn-maent coefficient against aileron projec-
tion for projections of less then -3 percent chord. (See figs. 6ti 7.)
The aileron effectiveness obtained with flap deflected was considerably
lerger at all projections than that obt@ned with flap retracted; the
mexhmml Vslws of cl obtdned with flap deflected were approximately

1.25-percentlarger then the corresponding values obtain.edwith flap
retracted. Although no data were obtained above the flap-deflectedwing-
st&U. angle, it is believed that the thin-plate circuler plug aileron
wild.retain effectiveness in this cotition, and the data presepliedin
reference U tend to substantiate this belief.

The vslues of yawing-mcment coefficient obted.nedby projection of
the thin-plate circular plug aileron were generaKQ favorable (having
the ssme sign as the values of Cz), particularly in the flap-retracted
condition, and generalJy became more positive with increase in aileron
~ojection end less positive with increase in angle of attack. The values
of Cn obtained over the projection renge generally were less favorable

with the flap deflected than with flap retracted.” Mach nwnber, as was
shown in the investigation reported in reference U, has only a small
effect on the yawing-moment characteristics.

The variation of aileron
projection was irregulsr over

hinge-moment coefficient with aileron
the projection range. The curves of Ch

..— ..——. ..--- .—.—— ___ -.—.———— -— ~. —.—— ——
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against.aileron projection generaldy were unstable for small projections,
stable for large projections, and teceme unstable over a greater part of
the projection range as a increased. The “vshes of Ch generaUy were
slightly or inconsistently affected by increasb in the Mach nmnber, but
generaUy became more negative as the angle of attack increased. (See
figs. 6 to 9.) ~flecting the f~p re~ted in mimes of hingemment
coeffIcient more negative than those obtained with the flaps retracted.
Despite the large wil.uesshown for the hinge—.qmnentcoefficients,which
result frmn the - exea upon which the ‘coefficientis based, the actusl
hinge mments of the plug aileron are very small.

Double-wedled circular plug aileron.- The lateral-control charac-
teristics of the double-walled circular plug aileron at various angles of
attack and Mach and Reynolds numbers are presented in figureb 10 a.rqlU
for the flap-retragted condition and in figures 12 and 13 for the flap-
deflected conditipn. It will be noted that the Mach number range covered
in tests of this configurationwas quite small and in the range of Mach
number where compressibilityeffects are usually mall; therefore, ~
aerodynamic effects occurring as a result of changing the Mach and Reynolds
nunibers(s~taneously) ere probably mostly Reynolds numler effects. In
the ensuing discussion,M@ and Reynolds number changes are not discussed
where the aerodynamic effects produced by such changes sre negligible.

The variation of rolling-mment coefficientwith aileron projection
is observed to be fairly lineer over most of the aileron-projectionrange
for the flap-retracted condition but generaUy .sMghtly nonlinear for the
flap-deflected condition. ikcreases in the Mach and Reynolds nmbers
generaUy resulted in increases in the aileron effectiveness fcm either
flap condition. (See figs. 10 and 12.) It is anticipated that the aileron
effactiveness of the double-walled c@cular plug aileron would exhibit
additional increases (similar to those ~bited by the plug ailerons of
reference U and the thin-plate circular ylug ailerons of the present
investigation)when the Mach and ReynolQs nwilmrs are increased beyond
the range of the ~esent investigation and up to the critical Mach number.

Zncrease in the wing angle of attack resulted in an increase in the
aileron effectiveness over most of the aileron-projectionrange in the
flap-retracted condition and generally resulted in a decrease in the
aileron effactiveness over the aileron-projectionrange in the flap-
deflected condition. l%e aileron effectiveness obtained with flap
deflected was considerably larger at all projections than that obtained
with flap retracte&, the meximum values of Cz obtained with flap deflected

were about @ percent larger than the ms&ml values of Cz obtained

with flap retracted.
u

The data of figure 12(d) .(which were obtained above
the flap-deflectedwing staU angle) also indicate that the doublewalled
circular plug Uron was quite effective and produced large rolling maments <,
above the flap-deflected st&U angle. It ~ be noted that mnaU. favorable

.—— — ———
,,
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rolling mcments were produced by positive aileron projections for both
flap conditions. Although the upper edge of the aileron is below the
upper-surface wing contour for positive aileron projections and the lower
edge of the aileron extends no further bel@ the lower-surface wing
centour than it does when neutral, the favorable rollbg mcnnentsare
thought to result from the more cbmplete plug-slot sesl produced ~y
positive aileron pro~ections.

The vslues of yawing-moment coefficient produced by projection of
the double-walled circular plug aileron were generaUy favorable and
becsme more favorable with increase in aileron projection with the fla~
retracted but were generelly famrable only for large aileron projections
with the flap deflected. The velues of Cn generslly were more favorable
with the flap retracted than with the flap deflected and became less
favorable with increase in the wing angle of attack in either flap
condition. (See figs. 10 to 13.)

The variation of Mnge-mment coefficient with aileron projection
was only slightly irregular.and was generally stable in the negative
projection range in both flap con~tions and bee- less stable over
most of the projection range as the wing angle of attack increased.
Deflection of the flap resulted in a larger v~iation of Ch over the
projection range and in values of Ch more negative than those oldmined
with the flap retracted.

Motified double-waKled cticuler plw aileron.- i’he●characteristics
of the double-walled circular plug aileron modified by removing the O.015c
top plate and replacing it with one as wide as the aileron forward well
(3/32 inch) me shown in figures 14 to 17. As was discussed in the
preceding section.for the unmodified double-welled circular plug aileron,
the Mach number range covered in tests of this modified aileron was quite
small and in the range of Mach number where ccqressibility effects sre
usually small. In the ensuing discumicm, Mach and Reynolds nmnber changes
are not Uscussed whbh the aerodymmic effects produced by such changes ,

are negligible; when these aerodynamic effects are significant, they
probably result mostly frcm changes in Reynolds number.

The aileron-effectivenesscharacteristics of this modified plug
aileron were generally quit% similar to the characteristics of the unmodified
plug aileron discussed in the preceding section. The values of CZ obtained
with the modified dleron were fairly linear over most of the aileron
projection rsnge in both flap conditions and increased with increase fi the
Mach and Reynolds numbers. In addition, when the wing angle of attack
was Increased, the vslhms of Cz generally increased in the flap-retracted
condition and decreased in the flap-deflected condition. The data of
figures 14 to 17 also indicate that the aileron effestiveness with flap
deflected was appreciably larger than that obtsined with flap retracted
(approximately 85 percent lerger for maximum values of CZ) and that the

—— . .. -.. . ..—_.. _ ..— ——.——. —- ..—.- —--. ——-.—— _.. _”... .—.. —— .....
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from reference 10.)

NACA TN No. 1802

quite effective up to and above the angle of wing
vslues of ~ end a with corresponding values

The yawin.g-mment characteristics of the modified plug aileron were
generddy similar to those of the modified aileron; the same effects
end trends of the Cn curves with changes in engle of attack and flap

deflection discussed in the peceding section for the umodified aileron
generdlly were oltdned with the modified phqg aileron.

The variation of hinge-mcment coefficient with projection of the
modified plug aileron was markedly nonlinear, and generally became less
sta%le (or more unstable) over a greater pert of the negative projection
range as.the wing angle of attack lnm?eased. lh additim, the values of
Ch gener~ became more negative as the ~ angle of attack tiCrOaSOd,
end more negative vslues of Ch were generaldy obtained with the fla~
deflected than with the flap retracted. (See figs. 14 to 17.) The afore-
mentioned effects on C

a
, when compared with the

%
data of the unmodified

double-welled cticulsr ug aileron, are generaUy e effects e~ected to
result frcm removing the aileron top plate and have been found in previous
investigations. (See references 5 and U.)

Comparison of Lateral.-ControlCharacteristics of

the ~hree Configurations of Circuler Plug Aileron

For purposes of direct Ccrqerisonj some of the lateral-control data
previously presented for the tti-plate, double-walled, and moUf ied
double-wsJJ_edcirculsr ylug ailerons have been replotted for similar test
conditions in the same figure and are shown in figures 18 end 19. A more
complete comparison of these tits can be made with figures 6 to 17.

For each of the three cticuler-plug=aileronconfigurations investlgatedj
increases in the aileron effactiveness with increase in Mach and Reynolds
numbers were generally obtained in both the flap-retracted and flap-deflected
conditions. Jn the flap-re&acted condition, the aileron effactiveness
of’each of the cticular ylug ailerons increased when the angle of attack
increased; the thin-plate circuler plug aileron exhibited the lsrgest
effects on Cl yoduced by changea in a. W the flap-deflected con~tion,
increases in a had an inconsistent effect on the elleron effectiveness
‘ofthe thin-ylate plug aileron but generally tended to decrease the aileron
effactiveness of each of the double-walled plug ailerons. Mflecting the
flap had more effect in increasing the vslues of Cz for the thin-plate .(

ylug Wleron than for either of the double-welledplug ailerons.

The thin-plate plug aileron generaldy produced lsrger values of C2
over the projection range in both flap conditions than tid either of the
double-walled plug ailerons, except possib~ at low Values of g with the

-—.——— -. —... .. .. . _ — - --..._—— —..——. ———— .
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flap retracted. As may be seen from the data in figures 6 to 19, each
of the double-walled circular plug ailerons produced a more linear veriatim
of Cl over the projection range than dld the thin-plate circular plug
aileron, and the double-walled plug ailer~ tid not exhibit the ineffective
region exhibited by the thin-plate plug aileron for smalllprojections at
a low angle of attack with the flap retracted. The greater tisrity
exhibited by the rollli,ng-momentcurves of the double-walled circular plug

aileron over the projection range is thought to result from a duel effect
produced by the,basic physical differences he~een the double-welled end
thin-plate plug-elleron configurations. At smalllaileron projections and
low angles of attack the beveled lower edge of the double-welled plug
aileron produces a greater “scoop effect” end hence a greater aileron
effectiveness than the tldn-plate plug aileron. At all aileron projections
and large angles of attack, the upper edge of the double-walled plug
aileron ~ermits the air flowing up through the plug slot to exit behind
the aileron, whereas the air would exit ahead of the up~er edge of the
thin-plate plug afleron; thus, the cauibination“ram effect” at the upper
edge end the “scoop effect” at the lower edge of the thin-plate plug
aileron probably offset each other in same manner to produce the region
of constant or reduced aileron effectiveness observed in figure 18(b) and
in figures 6 and 7.

Cmptiations to determine the helix angle pb/2V generated by the

wing tip in a roll

where C2P is the

pb c1
were made by utilizing the relationship — = —

mcz’
P

damping-in-roll coefficient, and indicated the large

rolling effectiveness of the circuler plug dlerons investigated, parti-
cularly in the flap-deflected condition. These computations showed that
a value,of C

J
of O.036, which was usually exceeded at large aileron

projections th the flap retracted end easily exceeded with the flap
deflected, corresponded to a value of pb/2V of 0.09, based on a velue
of CZP (obtained fram reference 15) of O.~.

The yawing-mcmmnt characteristics of the three circular plug ailerons
investigated were generally si.ndlarand exhibited the same trends with
change in the Mach and Reynolds numbers, angle of attack, end flap
deflection.

The data for the umnodified double-waUed circular plug tileron
exhibited the most stable variation of Ch and the amzillestvariation of
Ch over the aileron-projectionrange of the three circular plug ailerons
investigated..Because the area moments of the top edge of the thin-plate
and the modified double-walled plug ailerons were shost similar, these
ailerons exhibited generally shil.ar variations and values of Ch OVOr
the projection range. For each of the circular plug ailerons, the curves
of Ch against aileron projection generaldy became less stable and the
vd.ues of Ch generaUy became more ~gative as a ticrOased. In general,

—.
.,.
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the values of Ch for each of the cticuler plug edlerons were only
slightly affected by changes in the Mach and Reynolds numlers, and more
negative values of Ch were generally 2roduced by each of the circular
plug aileronE with the flap deflected than’tith the flay retracted.

It is weU to note that the hinge moments of the double-waUed
circular plug aileron are of fd-rly moderate mil-uej.whereas the hinge
mments produced ly the thin-plate and modified double-welled circular
plug ailerons ore extremly mndl. These h@ge mmnents may be masked
in an ~ane inst~fition by a booster.SYStemh a mechanical device
providhg “stick feel, or by a “feeler aileron (reference 16). For
exem@e, the hinge maments produced on the model investigated herein
at a @nsmic pressure of 200 younds ~r square foot (appra. 300 mph)
and at a value of

L
of 1.0 were apprcmimately 1.2, 5.4, and 1.1

foot-pounds for the -plate, the double-walled, and the moU.fied
double-walled circular plug ailerons, respectively.

Cmperison of LatereJ--ControlCharacteristics of the Circular

Plug Ailerons, a Conventional I?lugAileronj

. . and a Retractable Aileran

Comparisons were made of the lateral-cantrol characteristics of the
circular pl~ ailerons of the present investigation with the corres~onding
characteristics of ‘theconventional plug end retractable ailerons reprted
in reference U. sever= of these comparisons are shown in figures 18
and 19.

Larger values of ro.lli.nn-momentcoefficient generally were obtained
over the pro~ectim range in loth flap conditions with each of the
circuler ylug ailerons than with either the conventional plug or retract-
able ailerons. One notable exception to this statment is observed for
the flap-retracted condl.tionat a low angle of attack where the
thin-plate circular plug aileron is seen to be less effective, for smeJJ.
projections, then either of the other spoiler-type devices. (See fig. 18(a).)
The ineffective region at low projections and low angles of attack exhibited
by the thin-plate circular plug aileron is quite shiler to the results
obtained on the conventional plug without the toy plate (reference U);
end, as previously indlcatedj modifying this circular @g aileron by
bevellng the lower edge of the aileron and indmllhg a double @ug wall
and a top plate, thereby producing the double-walled circuler plug
aileron, alleviated this condition appreciably. The two double-walled
cticular plug ellerons thereby p?oduced more linearity in the variation of Cz
with aileron projection than either of the other ailerons. The circular

—— .—— .——
. ..’..’
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plug ailerons slso exhibited lsrger increases in slleron effectiveness
than either of the other ailerons when the angle of attack was increased
in the flap-retracted condition. Tm addition, the cticular plug ailerons
showed the same trends of Cz with flap deflection and with increase
in the Mach and Re~olds numbers as the conventimal plug and retractable
ailerons.

The VdJ.10Sof Cn obtained with each of the circular plug ailerons
generslly were slightly more positive (more favorable) in sll configura-
tions than those obtained with either the conventional plug w retractable
ailerons. (See figs. 18ti 19.) The trends of Cn with angle of attack,
flap @eflection, and Mach and Reynolds numbers were the same fm the
ailerons of the subject investigation as for the aileronE of the investi-
gation repxted in reference U..

The thin-plat-eand motified double-wellledcircular plug ailerons dis-
played a larger variation of ~ over the projection range in the flap-
retracted condition than either the conventional plug or retractable
ailerons considered in the ccnnperison,whereas the variation of Ch with
projection for the ummlified double-walled circular plug aileron was
almost similar to that of the conventional plug and retractable ailerons.
GeneraUy, a less stable variation of Ch over a linger part of the
projection range was d3.s@yed by the thin-plate and modified double~ed
cticular-plug-ailerondata, and a more stable variation of ~ over the
projection range was displayed by the data for the vnnodified double-wd.led .
circular plug’slleron than by the data for the conventional plug and
retractable ailerons. The hinge-mament-coefficient curves of the circular
plug ailerons showed slightly larger effects yoduced by changes in the
angle of attack and flap deflection and about the ssme effects produced by
changes in the Mach and Reynolds nrmibersas the Ch curves of the conven-
tional plug and retractable ailerons.

It would therefore appear that the main advantages to be ga3.nedby
using any of the subject @ug ailerms instead of the conventional plug
aileron are to eliminate the adverse rolllingmcnnentsproduced by the
downgoing conventional plug and to provide larger rolling mments for a
given @mg-aileron projection.

Comparison of Lateral-Cmdrol Characteristics
.

of the Circular Plug Ailerons with Those

of a Sealed Plain Aileron

The variation of helix angle pb/2V and aileron hinge manent with
deflection (or projection) of the double-walled circular plug aileron and

.- .-- —-..-. —.. ___ —-.=- — —.— ,. - — .- . ...__... _ . ..- . __ —_____ .._..<_. . . . . . . _.
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a 0.20c, o.38~, sealed plti aileron investigated on the seinewing

(reference 10) are cmpared fw several representative conditions in the
flap-retracted condition h figure 20. As was discussed in a preceding

p“ C2
sect”ion,the helix angle was camputed fra the relationship — = ~~

2’V’P

and the mdme of Czp employed was 0.40.

The comparison shown in figure 20 illustrates the effactiveness of
both types of lateral-control devices and, in particular, the degree of
Mneerity of the @g-aileron effectiveness over the deflection (or
projectia) .range, especially near zero deflection. Further comparisons
of the circular-plug-ailerontita with the pldn-aileron data of refer-
ence 10 UJmstrate the increase in aileron effectiveness with increase
in the angle of attack & Mach and Reynolds numbers obtslned with the
circuler plug tierom contrasted with opposite effects obtained with
the sealed plain ai@ron. Also, the plug edlerons produced extremely
large values of rolling mment in the flap-deflected condition and were
quite effective almve the flap-deflected stall angle; whereas the plain-
aileron effectiveness probally would not be increased by Deflecting the
flap and probably would be inadequate above the wing stall. It should
also be no~ed that plug tierons permit use of full-span flaps - with
an acccmrpaqyingticrease in airplane performance - whereas plain ailerons
restrict the flap span.

A comparison of the yawing-moment data obtained with the present
plug sllerons and the @in aileron of reference 10 shows the generally
favorable yawing characteristics - such as to incmease sil.eroneffective-
ness - of the plug ailercms ccdrasted with the unfavorable yawtng
characteristics of the plain aileron.

The hinge mcments of the double-walled circular plug aileron (as
well.as those of the other circular plug ailerons) are extremely small
ccmpared with the hinge mcments of the @ln aileron (fig. 20) and indicate
a marked degree of Uneari@ over the deflection range. The hinge mcm.ents
presented in figure 20 were ccmrptiedfor the ailerons,on the present wing;
therefore, if these controls were applied to a specific airplane, the
hinge moments would %e magnified by the cube of the ratio of airplane wing
spellto mobl wing Spsn. Because the hinge mcmmnts of ,theplug ailerons
investigatedwere relatively unaffected by tirease in Mach number and
these ailerons ~oduced small hinge mcments that could be altered (refer-
ences 5, 6, and U) or masked, lsrge control deflections, hence control,
would be available at &U speeds. Converflely,the @aln ailerons of
reference 10 exhibited adverse effects of Mach number on the hinge mcmmnts,
and the lerge hinge mments obtdned at high speeds probably would limit
the Wl_eron deflection and the lateral control of the airplane.

.

———. . –. .- ——— >—..—. .f.—. ,.-,-- .-, .,.:,. .,
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A wind-tunuel investigationwas made of the lateral-control charac-
teristics of a thin, low-drag, semispen wing equiyped with three configura-
tions of circular plug ailerons and a full-span, 25-~ercent-chord, slotted
flap. The plug ailerons were located at the 68-percent-chcrd station, ‘
sy.smned49.2 ~ercent of the semispan wing, and were constructed in five
equal spenwise se~nts. The investigationw% performed through a Mach
number range from 0.13 to 0.61. The Mach and Reynolds numbers were varied
simultaneously during the investigation. The results of the investigation
led to the folhwing conclusions:

1. For each of the three circular-plug-aileronconfigurations
investigated, increases in the aileron effectiveness with increase in Mach
and Reynolds nmibers were generaldy obt~d in both the flap-retracted
end flap-deflected conditions. lh the flap-retracted conditim, the aileron
effactiveness of each of the circular plug ellerons increased when the angle
of attack was increased; the thin-plate ctrculer plug aileron exhibited the
lergest increases in aileron effactiveness with increase in angle of attack.
Jh the flap-deflected condition, increase in angle of attack had an incon-
sistent effect on the rolJQg mcments produced by the thin-plate circular
plug aileron %ut genersX@ tended to decrease the aileron effactiveness of
each of the double-walled cticuler plug ailerons investigated. Appreciably
larger vslues of rolling-moment coefficient were produced by each of the
circular plug.ailerons with the full-span flap deflected than were produced
with the flap retracted, and the sdJ_eronQproduced large rolling manents uy
to end above the flap-deflected stsU angle. The thin-plate circular plug
aileron generelly produced larger values of rolling-mcment coefficient in
both flap conditions than Md either of the double-walled circular plug
ailerons, but the double-walled circular plug ailerons produced a more linear
variation of rold.innmament over the ailerowpo jection range.

2. Each of the circular plug ailerona produced yawing moments that
were generaUy favmable, beceme more favorable with aileron projection,
less favorable with increase in angle of attack and flap deflection, and
were only sldghtly effected by increases in the Mach and Reynolds numbers.

3. The variation of hinge-mcment coefficient with slleron projection
for each of the circular plug ailerons was nonlinear and tihited either
smell or inconsistent changes with increase in Mach and Reynolds nmbers.
The double-walled circular plug aileron equipped with a top plate exhibited ‘
the most linear mriati~ of M.nge-mcment coefficient with aileron projection
and also had a fairly stable variation of hinge moment with ~ojectfon.
For each of the ailerons, the variation of hinge-nmnent coefficient with
pro~ection beceme less stable over a greater part of the projectim range

. . ...- . . ._ —_. ___ _____ .,_ __ ._ —- —,——.--,—.. ..— .- .—— —,— ——. _ . —.__——_—..—
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and the values of hinge-moment coefficient beceme more negative as the
angle of attack increased. ~ addition, more negative values of hinge-
moment coefficient were generally produced by each of the ailerons with
flap deflected than with the flap retracted.

Langley Aeronautlcel Laboratory
National Advisory Ccmmittee fa Aeronautics

bmgley Air Force Base, Va., Deceniber1, 1948
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Figure 3.– Schematic drawing of circular-plug-aileron configurateiom
tested on semispmi wing.
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4. .3 .6 .7 ./3 .9
Huch number, M

Figure 5.– ~ariation with Mach nuniberof aerodynamic characteristics of
semisp~hg model with flap retracted. Th&@ate circuler plug
aileron neutrel. a = 0.30.

0

.

.

.

——.—>—,-,7 .-. .——. ..—
—.—

., ..-,
.,



NAC.ATN No. 1802 2’7

.

.,

I

112

.02
=3wz=’

A I I

o
-8 -6 -4 -2 0

Aikron projection, pmcenf chord

(a) a x 0.2°; CL s 0.14.

Figure 6.–Variation of lateral+ ontrol characteristics of cmplete wing
with projection of thin-plate circular plug aileron at various &ch
numbers. Flap retracted.
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Figure 7.– variation of lateral.+ontrol characteristics of complete wing
with projection of t-plate chculsr plug aileron at various angles
of attack. Flap retracted. M = 0.27.
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Figure 9.- Variation of lateral+ ontrol characteristics of complete wing ‘
with projection of thir+plate circular plug aileron at various angles
of attack. Flay deflected 45°. M = O.~.
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Figure 10’.–Variation of lateral-control characteristics of complete wing
with pro~ection of doubl~ed circular plug aileron at various Mach
nmibers. Flap retracted.
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An!9 p/@z7%!i!, paced C.%md

(e) a = 14.8°; CL = 1.1s; M = 0.19.

Figure 10.– Concluded.
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Figure 11.- Variation of lateral+ontrol characteristics of complete wing
with projection of doubl~alled circ~ plug aileron at varioue
anglea of attack. l?lapretracted. M = 0.27.
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(a)ax -1.9°;CLx 1.33..

Figure 12.– Variation of lateral+ontrol characteristics of complete wing
with projection of doubl=&lIied cticuler plug aileron at verious Mach
numbers. Flay deflected bs”.
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Figure 12.- Continued.
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(c)a x 6.8°;CL% 1.75.

Figure I-2.-Continued.
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(d) a % 10.00; CL x 1.88. -

Figure 12.– Concluded.
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Figure 13.–variation of lateral-control characteristics of complete wing
with projection of double-wdled circuler plug aileron at mrious
angles of attack. Flap deflected 45°. M = 0.2’7.
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(a) a Z 0.2°; CL %0.130

Figure lk.- Variation of lateral-control characteristics of complete wing
with projection of modified douhl~alled circuler plug aileron at -
verious Mach numlers. Plug aileron modified by removing 0.015c top
plate. Flap retracted.
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Figure lk.– Cont@ed.
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Figure 14.– Continued.
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(e) a = 14.8°; CL = 1.14; M = 0.19. ~

Figure 14.– Conoluded.
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Figure 15.- Veriation of laterel+30ntrol characteristics of cmq?lete wing o

with projection of modified doubl~ d cticuler plug aileron at

mriouE angles of attack. Ylug aileron mmlified by removing 0.015c
top plate. Flap retracted. M = 0.27.

—T-,-———.—— -.. —
-,. .

..-.



NACA TN No. 1802

,
.

53

-8 -6 -4 -2 0 z

Aileron p-qkc+im, pwcenf chord

(a) a Z –1.90; ~x 1.31.

Figure 16.– Variation of lateral-control characteristics of complete wing
with projection of modified double+ralled circular plug aileron at
various Mach numbers. Plug ai.leronmodified by removing O.01~ top
plate. Flap deflected 45°.
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(c) u % 6.8°; CL x 1.73.

Figure 16.-Continued.
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Figure I-6.- Concluded.
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Figure 17.– Variation of lateral+ontrol characteristics of complete wing
with projection of modified double+alled circuler plug aileron at
mriouE angles of attack. Ylug aileron modified by removhg 0.015c
top plate. Flap deflected 45°. M = 0.27.
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Fi@me 18.– Comparison of lateral+ ontrol characteristics of the three
circuler plug ailerons, a conventional plug aileron, end “aretractable
aileron investigated on the subject wing. Flap retiacted.
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Figure 18.- Concluded.
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I?igure 19.– Ccnqarison of latersl-contiol ctiacteristics of the three
cticm plug aileronss a Convention PIW afieronJ ~ a retractable
ail?ron tivestigated on the subject wing. Flap deflected 45°.
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Figure 19.– concl~edc
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Figure 20.– Comparison of lateral+ ontrol characteristics of the double-

wdled circuler

investigated on

plug aileron and a 0.20c, 0.3~, sealed plain aileron

the same wm (reference 10). Flap retracted.

.-. —.—. -..—— . .. —- -— —-—— .—.
--—.~–.=- -- ,,

.,. .. . .


